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Baseline Chemical Characterization of
Saginaw Bay Watershed Sediments

Introduction

General: Persistent bioaccumulative compounds have historically been
released from industrial entities in the Saginaw Bay watershed. Dioxins
and furans, polychlorinated and polybrominated biphenyl compounds
(PCBs and PBBs), pesticides, herbicides, and other persistent
bioaccumulative compounds have been identified as significant pollutants
in the Saginaw River and the Saginaw Bay (U.S.EPA, 1995).

In September of 2000, the Waste Management Division of the Michigan
Department of Environmental Quality (MDEQ) was awarded a grant of
$88,775.00 from the Michigan Great Lakes Protection Fund to conduct a
study entitled: iBaseline Chemical Characterization of Saginaw Bay
Watershed Sediments (Baseline Study).i The Baseline Study area is
shown below as Figure 1. A copy of the approved grant proposal and
budget is attached as Appendix 1 of this Report.
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The focus of the Baseline Study is to characterize the sediments in the
identified study area beginning upstream of Midland Michigan on the Pine,
Chippewa, and Tittabawassee Rivers, and continuing downstream on the
Tittabawassee to its confluence with the Saginaw River. The data and
sampling locations from this study establish a year 2001 baseline level of
contamination of watershed sediments that provides a benchmark against
which future improvements in sediment and water quality can be
measured. The analytical data from this project is also intended to serve
as a screening level evaluation of sediment quality in the Tittabawassee
River; to determine if contaminants are present at levels of environmental
concern; and to determine if Tittabawassee River sediments are a
potential source of ongoing releases to Lake Huron. Finally, analytical
results from the study can be used to form the basis for a request for
corrective action, if necessary, from regulated facilities within the
watershed.

The Baseline Study was developed and conducted in a phased manner
that consisted of a review of existing literature and data; the development
of a sampling and analysis plan; the collection of samples; the analysis of
the data; and the preparation of this Report. The Michigan State
University Aquatic Toxicology Laboratory (MSU ATL), under the direction
of Dr. John Giesy, assisted in the completion of this project by conducting
a detailed literature review, assisting with the development of the study
sampling and analysis plan (SAP), and conducting the dioxin and furan
related analyses on the samples.

Literature and Data Review

The MSU-ATL conducted a literature search to identify appropriate
literature to support the Baseline Study. This included all general
literature on polychlorinated diaromatic hydrocarbons and specifically all of
the literature, either in the open or gray literature and reports on the
Saginaw River drainage system. The literature is compiled into an
electronic data base (Reference ManagerA). A hard copy of the literature
search is attached as Appendix 2 of this study.

The literature review indicates that significant sediment investigation work
has been downstream of the study area in the Saginaw River and in the
Saginaw Bay. In particular, the United States Environmental Protection
Agency (U.S. EPA) has identified the Saginaw River and Saginaw Bay as
an Area of Concern (U.S. EPA, 1995) as part of the Assessment and
Remediation of Contaminated Sediments Program (ARCS Program). The
ARCS Program resulted in the development of detailed sediment quality
information on the lower Saginaw River and Saginaw Bay. Grab and core
sediment samples from the ARCS study were analyzed for polyaromatic
hydrocarbons, PCBs, chlorinated pesticides, polychlorinated dibenzo-p-



dioxins, polychlorinated dibenzofurans, and metals. General conclusions
regarding the presence and risk of PCBs and certain metals in the
sediments of the Area of Concern are presented in this study. In addition,
to the ARCS Program, the Army Corps of Engineers (1999) has also
conducted fairly extensive sampling and analysis of sediments in the
navigable channel of the Saginaw associated with dredging projects.

Much less data is available on sediment quality in the Tittabawassee,
Pine, and Chippewa Rivers upstream of the confluence of the
Tittabawassee and the Saginaw Rivers. The Michigan Department of
Community Health has issued fish advisories based on elevated levels of
dioxins and furans and PCBs found in fish tissues in the Tittabawassee
and Saginaw Rivers downstream of Midland. Fish advisories for PBBs
and DDT have been issued for all species of fish on the Pine River
downstream of the St. Louis impoundment.

Amendola and Barna (1986) reported of dioxin concentrations at up to
16 parts per billion (OCDD) in Tittabawassee River sediments in 1984.
Dioxins were not detected in sediments upstream of The Dow Chemical
Company facility in Midland, Michigan. Two studies have analyzed
Tittabawassee River sediments for PCBs (MDNR, 1971, 1988). The
Michigan Department of Natural Resources summaries of this work
indicate that the sediment data from these studies is relatively sparse.

The MDEQ Surface Water Quality Division conducted an extensive review
of existing information on the Tittabawassee River in 1993 during the
evaluation of a potential Natural Resources Damage Assessment claim
against The Dow Chemical Company (RCG/Hagler, Bailly Inc., 1993).
That review identified data gaps in water quality and sediment quality with
respect to dioxins and furans and PCBs.

The MDEQ conducted limited sediment sampling of the Tittabawassee
and Chippewa Rivers in 1996 for a broad range of organic compounds,
including dioxins and furans, and metals (MDEQ, 1996). This sampling
event was concentrated adjacent to The Dow Chemical Company facility
and immediately upstream of the facility.

Based on a review of existing data, it was clear that no comprehensive
sediment characterization program has been conducted on the
Tittabawassee River and that there is no program which routinely
analyzes sediments to track changes in environmental quality of this
portion of the Saginaw Bay watershed. It was also apparent that dioxins
and furans were a significant issue in this watershed.



Methodology

Sampling and Analysis Plan: A SAP was developed for the collection
and analysis of the samples. A copy of the SAP is attached as Appendix
3 to this Report. Unless otherwise stated, analyses were conducted in
accordance with "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," EPA Publication SW-846, Third Edition,
November 1986, and its updates | (July 1992), Il (September 1994), IIA
(August 1993), 1IB (January 1995), Il (December 1996), and IlI1A (April
1998) (SW-846)

Study Design: The goals of this project were to (1) obtain a baseline
chemical characterization of Tittabawassee River sediments and
floodplain soils; and (2) to choose and document sampling locations so
that the study might be replicated at a future date. These goals, in concert
with financial and logistical realities, resulted in the sampling and analysis
approach utilized in this project.

The parameters of interest in this study consisted of heavy metals, volatile
and semivolatile organic compounds, pesticides, PCBs, dioxins, and
furans. These parameters were chosen by the principal investigators as
being the best indicators of the overall environmental health of the river
system. A complete list of individual parameters is included in Table 1. In
addition, analyses of physical parameters [Total Organic Carbon (TOC)
and Total Organic Matter] were performed on all samples.

In addition to conventional dioxin and furan instrumental analysis (SW-846
Method 8290), each of the transect, composite, floodplain soils, and
selected individual reach samples described below were analyzed using
H4lIE-luc bioassay to determine relative dioxin-like activity. A subset of
these samples were further analyzed in order to perform mass balance
calculations to determine if other compounds are contributing significant
dioxin like activity to Tittabawassee River sediments and soils.

The persistent bioaccumulative compounds of concern in this study are
most frequently associated with fine particulate matter in the environment.
Due to this association, an attempt was made to preferentially sample
areas of fine particulate deposition. Preferred sampling locations included
zones immediately downstream of large snags, bridge pilings, or other
man-made structures, the inside bend of river meanders and other areas
where fine particulates were observed to accumulate. Field personnel
frequently tested possible sampling locations by poling with a boat oar to
determine if there was suitable sediment accumulation. Figure 2
illustrates typical river sampling locations.



The location of each sample collected during this study was memorialized
using hand-held Global Positioning System technology. Location
coordinates in decimal degrees latitude and longitude for each sampling
location in this study are identified in Table 2.

Figure 2. Typical River Sample Locations



Transect Sampling Locations: Sampling locations were chosen to
provide geographic coverage of the study area and to preferentially
sample depositional areas where the parameters of concern were most
likely to be found. Nine locations (hereinafter referred to as transects)
were chosen in order to provide coverage along the approximately 22
miles of river comprising the study area. Transect locations were
tentatively identified by reviewing maps of the study area and locations
finalized by the identification of depositional zones in the field. Transect
locations are shown in Figure 3.

Two types of sampling were typically performed at each transect location.
A sediment core sample was obtained by driving a four-inch diameter
acetate or polyvinyl chloride (PVC) tube into the river bottom to a depth of
one and a half to two feet (0.45 to 0.6 meter) at one discrete location per
transect. Stones larger than ° inch and leaves and twigs were removed
from the sample before compositing in a stainless steel bowl. Aliquots of
the composite sample were taken for analysis for each of the study
parameters. Figure 4 illustrates a typical core sample.

Figure 4. Typical Core sample

A composite sample of the surficial sediments was obtained by using a
petite Ponar dredge to collect a sample of the upper one to two inches of
sediment at three to five locations per transect along a line between each
bank of the river. The number of locations per transect was a field
decision based on stream width, particle size of the sediment, and
practical considerations in obtaining a sample. The individual dredge
samples were composited by mixing with a stainless steel scoop in a



stainless steel bowl. Stones larger than © inch and leaves and twigs were
removed from the sample before compositing in a stainless steel bowl.
Figure 5 illustrates a typical upper composite sample. Aliquots of the
composite sample were taken for analysis for each of the study
parameters.

Figure 5. Typical Composite Sample

Discrete Sediment Samples: A series of discrete sediment samples
were collected at locations between transects to characterize individual
reaches of the river and obtain good geographic coverage of the study
area. Between three and 20 reach samples were taken between each
transect. Reach sample locations were identified in the field and were
preferentially located in depositional zones. Reach samples consisted of
the upper one to two inches of sediment collected with a petite Ponar
dredge. Stones larger than ° inch and leaves and twigs were removed
from the sample before compositing in a stainless steel bowl. Reach
sample locations are identified in Figure 3. Because of resource
limitations and holding time limitations, reach samples were analyzed for
dioxins, furans and physical parameters only.

Adjacent individual reach samples were carefully split and mixed in the lab
to form a composite sample prior to analysis. A total of 19 reach
icompositei samples were analyzed for dioxins and furans. The individual
reach samples and the reach composites are shown on Figure 3 and
listed in Table 3.



In addition to the composites, individual analyses were completed on each
of the reach samples that make up Composites #4, #11, #15, and #17.
These composites were selected for additional analysis based on the
results of the H4lIE-luc bioassay as described in further detail below. An
individual analysis was also performed on reach sample #23 which was
distinguished from the other samples by a much higher TOC content.

Floodplain Soil Samples: Ten floodplain soil samples were also
collected as part of the study. Low lying areas immediately adjacent to the
river were selected, based on field judgment, as likely sites of significant
fine particle deposition. The locations of the floodplain soil samples are
identified in Figure 3. Latitudes and longitudes of floodplain soil sample
locations are included in Table 2. Floodplain soil samples were collected
from a one square foot location. The top one to two inches of soil was
collected using a stainless steel scoop and thoroughly mixed in a stainless
steel bowl. Large organic matter such as leaves and twigs were removed.
Aliquots were taken for analysis of each of the study parameters listed in
Table 1. A typical floodplain soil sampling location is shown in Figure 6.

Figure 6. Typical Floodplain Soil Sampling Location

Field Quality Control: As a quality control measure, duplicate samples
were taken at river sediment location TF-C and floodplain soil location
SS-7. These duplicate samples were analyzed for all study parameters.

Reference Locations: As the study area was the Tittabawassee River
between the confluence of the Pine and Chippewa Rivers in the northwest
to the Shiawassee River in the southeast, a transect core, composite, and



several discrete (reach) sediment and floodplain soil samples were taken
above the confluence of the Tittabawassee and the Pine and the
Tittabawassee and the Chippewa to serve as upstream controls. These
upstream reference locations are listed in Table 4.

Additional Samples

Due to a broken chain-of-custody, dioxin and furan samples had to be
recollected at transect sampling locations TC-C and TC-UC, and discrete
reach sampling locations 1, 2, 3, and 11. Additional aliquots for the other
study parameters were taken at the transect locations and serve as quality
control replicates. The second set of samples collected from these
locations is designated by an asterisk (1%, 2%, 3%, 11*, TC-C* and TC-UC*).

Analytical Methods

Analyses of sediments and flood plain soils at the selected locations were
conducted using generally accepted sediment sampling and analytical
techniques as identified below. Table 1 summarizes the analyses
conducted on each sample and lists individual analytical parameters.

Volatile Organics: River sediment and floodplain soil samples for
analysis of volatile organic compounds (VOCs) were methanol preserved
in the field. Extraction was according to SW-846 Method 5035. Extracts
were analyzed according to SW-846 Method 8260B. The list of analytes
and detection limits is provided with the results in Table 5. Due to the lack
of detections, no samples for VOCs were collected upstream of Transect
F.

Semivolatile Organics: Semivolatile Organics (base neutral and acid
extractable compounds and polynuclear aromatic hydrocarbons) were
extracted using SW-846 Method 3510 and analyzed according to SW-846
Method 8270. The list of analytes and detection limits is provided with the
results in Table 6.

Pesticides and PCBs: Pesticides and PCBs were extracted using
SW-846 Method 3510 and analyzed according to SW-846 Method 8070.
The list of analytes and detection limits is provided with the results in
Table 7.

Metals: Samples were analyzed for metals using SW-846 6000 and 7000
series methods. The list of analytes and detection limits is provided with
the results in Table 8.

Dioxins and Furans Chemical Analysis: Concentrations of seventeen
2,3,7,8-substituted polychlorinated dibenzo-p-dioxins (PCDDs) and



dibenzofurans (PCDFs) were analyzed by modifications of previously
described methods (Yamashita et al., 2000; Kannan et al., 2001; Im et al.,
2002). A copy of MSU-ATLis iStandard Operating Procedure for the
Extraction and Analysis of 2,3,7,8-substituted PCDDs and PCDFs in
Sediments using High Resolution Gas Chromatography fi High Resolution
Mass Spectrometryi is attached as Appendix 4 of this Report.

In Vitro Bioassay Analysis: H4lIE-luc bioassay was used to determine
total dioxin-like activity (TCDD-EQs) in sediments. The bioassay
procedures are described in detail in Appendix 5 of this Report, and in
Villeneuve et al., 2000 and Hilscherova et al. 2001. Samples were tested
as raw extracts and as acid-treated extracts using the in vitro H4lIE-luc
recombinant cells for dioxin-like activity. A mass balance analysis of
dioxin-like activity derived from instrumental and bioassay analyses was
used to test for the presence of other dioxin-like compounds that can bind
to the aromatic hydrocarbon receptor (AhR). Mass balance analysis (or
potency balance analysis) was also used to examine whether or not the
known composition of a sample (identified by instrumental analysis) can
account for the magnitude or potency of biological response observed.

Total Organic Matter: Sediment and floodplain soil samples were
analyzed for Total Organic Matter by the Michigan State University Soll
Analysis Laboratory using their iLoss by Ignitioni protocol.

Total Organic Carbon: Sediment and floodplain soil samples were
analyzed for TOC by the Michigan State University Soil Analysis
Laboratory using their iDry Combustion using Microcarbon Analyzeri
protocol.

Results

Results for VOCs, semivolatile organic compounds, pesticides, PCBs, and
metals are presented in Tables 5, 6, 7 and 8, respectively. Geographic
distribution of semivolatiles, PCBs, and pesticides are presented in

Figure 7.

Dioxin and furan results are presented in Table 9. A full copy of the dioxin
and furan analytical and bioassay results and quality assurance data is
being retained by the MDEQ Waste Management Division. Table 9 also
includes the results of the TOC and total organic matter analyses of these
samples. The geographic distribution of dioxins and furans is presented in
Figure 8.
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Discussion

Volatiles:

Only one VOC was detected during this study. Tetrachloroethene was
detected at 95 ppb at sample location TC-UC. Due to the flow regime of
the Tittabawassee River, the lack of detectable volatile organic
compounds is not surprising. The Tittabawassee is a shallow, fast moving
river with considerable turbulence and scour during storm events. Volatile
compounds, should they be released to the river, are not likely to persist in
sediments that are frequently agitated. Given the lack of detects, the
decision was made to cease sampling for VOCs above Transect F. None
of the floodplain soil samples showed detectable levels of VOCs.

Semivolatiles:

Semivolatile organic compounds, when found, were typically present at
very low concentrations. Semivolatile organic compounds, including
phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, and chrysene,
were detected at sample locations TC-C, TF-CR, TE-C, TF-C, TF-UC, and
TG-UC at levels below 400 ug/kg. Sample location TF-CR, in addition to
having phenanthrene, fluoranthene, pyrene, and chrysene at very low
levels, displayed hexachlorobenzene at 1300 ug/kg, a level that might
indicate potential adverse impact to benthic organisms. Floodplain soll
results were similar in displaying low levels of the same six semivolatile
compounds at low levels (all below 510 ug/kg).

Pesticides and PCBs:

No PCBs were detected in sediment or floodplain soil samples. 4,4-DDT
at 1,100 ug/kg and 4,4 DDD at 83 ug/kg in sediment sample TI-UC were
the only target pesticides detected in sediment samples. Low levels of
DDT and its breakdown products were detected at floodplain soil sampling
locations SS-4 (Pine River), SS-5, and SS-7. There is a historical source
of DDT on the Pine River that may have contributed to these detections.
Hexabromobenzene was also detected at low levels at floodplain soil
sampling locations SS-2, SS-4, and SS-7R. Detected levels of pesticides
are not expected to have any significant impact on human health or the
environment.

Metals:

Levels of metals in sediments are generally consistent with background
levels. Of the floodplain soil samples, only SS-1 and SS-2 had
concentrations that indicated the potential for minor aquatic life impacts
(arsenic, chromium, copper, lead, mercury, nickel, and zinc). It is notable
that SS-2 is immediately adjacent to and SS-1 is downstream of a former
plate glass manufacturing facility which is known to have released metals
to the river.
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Dioxins and Furans:

Dioxins and furans were detected at each of the transect, reach, and
individual sediment sampling locations analyzed during this study. Dioxins
and furans were also present in each of the flood plain soil samples
analyzed during this study. The concentrations of each of the 17 2,3,7,8-
substituted PCDD and PCDF congeners, the calculated total toxic
equivalent concentration (TEQ) relative to 2,3,7,8-TCDD, and the
concentrations of the total tetra, penta, hexa, and hepta isomer groups are
presented in Table 9 for each dioxin and furan sampling location.

The geographic distribution of the TEQ results is presented on Figure 8.

In general, the geographic distribution of dioxins and furans in the study
area points to a source in the Midland area. The concentrations of dioxin
in river sediments were less than 5 parts per trillion (ppt) TEQ in the seven
reference samples that were taken above the junction of the Chippewa
and Tittabawassee Rivers. Below the junction of the Chippewa and
Tittabawassee Rivers, TEQ concentrations ranged from 5 to 2,000 ppt.

The concentrations of dioxins and furans were not significantly correlated
with the TOC content of the samples. Correlation with the grain size of the
samples with dioxin concentration was not completed in this study
because the high levels of dioxins and furans in the samples resulted in an
unanticipated health and safety concern during grain size analysis which
involves drying and shaking of the samples. It is recommended that this
evaluation be completed under the appropriate laboratory conditions.

Transect Results:

These samples are identified on Figure 8 by green boxes. The core
composite samples are identified with a iCT suffix (e.g. TA-C). The upper
composite (dredge composite) samples are identified with a iUCT suffix
(e.g., TA-UC). The core sample results represent a mix of the surficial
sediments and deeper sediments. The upper composite results represent
only the top several inches of sediment.

In general, the concentrations of dioxins and furans were much higher in
transect samples collected below the junction of the Tittabawassee and
Chippewa Rivers than in the upstream reference samples. The transect
reference samples were each less than 5 ppt total TEQ. Samples
collected below the junction of the Tittabawassee River ranged in TEQ
concentration from 5.1 ppt to 2000 ppt. It should be noted that the 5.1 ppt
TEQ transect sample was collected at location TG-UC. No core sample
could be collected from this location because of the coarse grained nature
of the sediments. It is possible that the coarse grained nature of the
sediments resulted in a relatively low concentration at this location.
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The TEQ of the upper composite samples was similar to the core
concentrations in most of the samples, with the exception of transects TC
and TD where the concentration of dioxin and furans in the deeper cores
was significantly higher than the upper composite samples. This suggests
that in some parts of the study area, a reservoir of dioxin and furans may
be present in deeper sediments. Further detailed coring work should be
completed to determine if higher levels of dioxins and furans are present
at lower depths in the river sediments.

Composite Results:

These samples show the distribution of dioxin and furans in the upper
several inches of sediment in sediment accumulation areas in the study
area. Due to resource limitations, adjacent sediment samples were
carefully split and mixed in the lab to form a composite sample prior to
analysis. The results of these analyses are shown on the maps as
iComposite #1 through Composite #19.1

These results show that the composite concentrations are significantly
elevated and quite variable below the junction of the Tittabawassee and
Chippewa Rivers. This variability is probably reflective of the flow and
depositional characteristics of the different segments of the river system.

In order to evaluate the variability within the composite locations,
individual reach samples were analyzed at four locations in addition to the
composite analyses. This analysis revealed that there can be
considerable variability in the TEQ concentrations of the individual reach
samples that were used to form a composite sample. In the case of
Composite #15, the concentrations varied from 22 to 2000 ppt TEQ with a
composite average analysis of 960 ppt. Composite #11 varied from 130 to
1000 ppt TEQ with a composite average analysis of 480 ppt TEQ. Based
on the recognized variability, any future studies that are conducted to
more fully understand of the distribution of dioxin contamination should
avoid compositing samples.

Flood Plain Soil Samples:

Ten flood plain soil samples were taken as a part of this study. These
samples are identified on Figure 8 by red hexagons. These samples were
collected by scraping the upper one inch of soil from a one square foot
area in selected low lying flood plain areas adjacent to the Tittabawassee
River. Sample locations were also based on property access agreements.

Dioxin results in floodplain soils ranged from 2 to 11 ppt TEQ in control
samples above the junction of the Chippewa and Tittabawassee Rivers.
Below the junction, TEQ concentrations ranged from 300 to1500 ppt. With
the exception of SS#6, all of the samples were taken in the flood plain
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within 100 feet of the edge of the river. SS#6 was taken from a recently
tilled farm field several hundred yards away from the edge of the river.

The upstream reference sample results are consistent with Michiganis soll
background dioxin levels. The soil concentrations below the confluence
of the Tittabawassee and Chippewa are significantly elevated over
Michiganis background soil concentration and exceed Michiganis

Part 201, Environmental Remediation, of the Natural Resources and
Environmental Protection Act, 1994 PA 451, as amended, generic
residential soil protection criterion of 90 ppt TEQ.

The downstream soil concentrations also exceed the Agency for Toxic
Substances and Disease Registry (ATSDR) interim policy guidelines for
PCDDs/PCDFs in residential soils near or on hazardous waste sites (De
Rosa et al., 1997). When concentrations of TEQs exceed 50 pg /g TEQ
dry weight, the ATSDR recommends evaluation of site-specific factors
such as pathway analysis and soil cover. When soil concentrations
exceed 1000 pg/g TEQ dry weight, the ATSDR recommends health
surveillance and exposure investigations.

Based on the results of this investigation and follow up work conducted by
the MDEQ in 2002, additional work is needed to determine if the level of
exposure in the flood plain is resulting in health and/or ecological impacts.

Bioassay and Mass Balance Results:

H4IIE-luc bioassay was used to determine total dioxin-like activity (TCDD-
EQs) in sediments and to direct the instrumental analyses. A mass
balance analysis of dioxin-like activity derived from instrumental and
bioassay analyses was used to test for the presence of other dioxin-like
compounds that can bind to the aromatic hydrocarbon receptor (AhR).
Earlier studies have demonstrated that the H4IlIE-luc bioassay coupled
with instrumental analysis is useful in the integrated assessment of dioxin-
like activity in sediment (Khim et al., 1999; Hilscherova et al., 2000; Khim
et al., 2001).

The instrumental and bioanalytical approaches provide different and
complementary information. While instrumental analysis is a useful tool to
identify the compounds of interest and to evaluate the concentrations of
environmental contaminants, it provides little information regarding the
integrated biological relevance of a complex mixture of compounds
associated with environmental samples such as sediment. Where
appropriate, bioassay-directed fractionation and mass balance analysis is
a powerful tool to characterize the causative agents responsible for
bioassay responses observed. Recent studies have indicated that organic
extracts of sediments elicit both dioxin-like responses significantly in vitro,
although the chemical concentrations often did not explain the bioassay
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activities observed (Khim et al., 1999; Kannan et al., 2000; Hilscherova et
al., 2001). Empirical bioassay results and mass balance analyses can
suggest the magnitude of contribution of target organic compounds to total
dioxin-like activity of sediment extracts. Thus, the use of bioassay-based
toxicity identification and evaluation (TIE) and mass balance analysis are
important approach to assess sediment contamination since the sediment
extracts may contain many potentially AhR-active compounds, which were
not analyzed by instrumental methods.

The results of this study showed that the results of the bioassay analyses
matched very well with the results of the instrumental analysis. Therefore,
the bioassay technique proved valuable in determining which samples
showed significant dioxin-like activity. The bioassay technique could be
used to direct further investigation in the watershed by screening out low
activity samples and identifying areas of high dioxin like activity that would
warrant follow up chemical confirmation.

Appendix 5 contains the results of the bioassay analyses and the mass
balance calculations. The results suggest that PCDDs/PCDFs, are the
major sources of dioxin-like activity in sediments/soils from the
Tittabawassee River and that little, if any, activity was due to other
compounds, such as PCBs, that exhibit dioxin-like activity. This was
further supported by the lack of detectable concentrations of PCBs in soils
and sediments.

Sources of Dioxins and Furans in the Tittabawassee River
Watershed:

Figures 9, 10, 11, and 12 are congener profiles of the dioxin and furan
samples collected during this study. The TEQ concentration of each
sample has been normalized to 100 percent (%) and the normalized toxic
equivalent concentration of each congener is plotted on the resulting bar
chart. Congeners that were not detected at a specific sampling location
were assigned a value of zero. The resulting bar chart is a ifingerprinti of
the 17 dioxins and furans that exhibit dioxin-like toxicity. The upstream
reference samples are plotted at the top of each of the graphs and are
marked with an asterisk.

As can be seen by review of the graphs, all of the samples taken from
below the confluence of the Chippewa and Tittabawassee Rivers are fairly
similar to each other and markedly different from the upstream reference
samples. The chemical fingerprint of the sediment samples is similar to
the chemical fingerprint of the floodplain soil samples, indicating that the
dioxins and furans in these media are likely from the same source(s).

The bulk of the dioxin-like toxicity in the downstream samples is
contributed by furan congeners. 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF
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contribute the bulk of the dioxin-like toxicity in the study area downstream
of the confluence of the Tittabawassee and Chippewa Rivers. 1,2,3,7,8 i
PeCDF and 1,2,3,4,7,8-HxCDF also make significant contributions to the
dioxin-like toxicity of downstream sediment and soil samples. 2,3,7,8-
TCDD, the most potent dioxin-like compound, typically contributes less
than five percent of the TEQ in the downstream samples.

Different sources of PCDDs/PCDFs are characterized by different
congener and homologue patterns (Kannan et al., 1998). Furthermore,
differences in the physicochemical (mobility, solubility, etc.) and biological
(biodegradation, bioaccumulation, etc.) properties may alter the congener
profiles.

The fingerprints of PCDD and PCDF congeners in sediments collected
from the Tittabawassee River downstream of Midland are all similar,
suggesting the presence of a single major source. As noted above, the
pattern of relative concentrations of PCDD/PCDF congeners was also
different in soils and sediment collected downstream of Midland than in
those collected upstream of the reference locations. A large proportion of
OCDD and HpCDD has been suggested to be due to the sources
originating from chlorophenol-related sources (Masunaga et al., 2001).
Greater proportions of TCDFs suggest sources originating from PCB
mixtures, chlorobenzenes, chlor-alkali processes, and incineration of
PCBs and polyvinyl chloride (Wakimoto et al., 1988; Masunaga et al.,
2001; Swami et al., 1992; Kannan et al., 1998). Total concentrations of
PCBs in sediments from the Tittabawassee River were less than 150
nanograms/gram. This suggests that PCBs are not the source of the
PCDD/PCDFs, but rather other sources such as chlorophenol and
chlorobenzene production, incineration, or chlor-alkali processes are the
sources of the PCDFs found in Tittabawassee River sediments collected
below Midland.

The Dow Chemical Company (Dow) has a long history as a major
manufacturer of chlorobenzenes, chlorophenols, and chlor-alkali products
in Midland, Michigan. Additionally, Dow has conducted chemical waste
incineration for many years. The geographic distribution of the
contaminants combined with the dioxin and furan congener profile
information strongly suggests that Dowis Midland facility is the most likely
source of the elevated levels of dioxins and furans in the Tittabawassee
River.

Conclusions and Recommendations

Summary: The data reviewed indicates that the potential for impacts to
aquatic life to occur from the sediment chemicals analyzed, other than
dioxins and furans, is minimal.
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With regard to dioxins and furans, the following conclusions can be drawn:

1. The concentrations of dioxins and furans in sediments and soils
represent a potential environmental and human health issue in the
Tittabawassee River watershed that requires further study.

2. In the study area, the bulk of the dioxin-like toxicity in sediments
and soils is contributed by the polychlorinated dibenzo-p-dioxins
and furans. In particular, 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF
contribute the bulk of the dioxin-like toxicity to the samples
collected from below the confluence of the Tittabawassee and
Chippewa Rivers. Little dioxin-like toxicity appears to be
contributed by other compounds that exhibit dioxin-like activity,
such as PCBs.

3. The downstream extent of dioxin and furan contamination in
sediments and floodplain soils has not been completely defined.

4. Deeper sediment cores are needed to determine the vertical extent
of sediment contamination in the Tittabawassee and downstream in
the Saginaw River.

5. The distribution of dioxins and furans in the study area sediments
appears heterogeneous. This is most likely related to the flow
regime of the Tittabawassee River. Any follow up sampling that is
conducted should not involve compositing sediment samples. The
relationship of grain size to dioxin and furan concentrations in the
study area needs to be investigated.

6. The H4IIE-luc bioassay technique can be successfully used as a
tool to direct further investigation of dioxin and furan contamination
in the study area.

7. The most probable historic source of dioxins and furans in the
Tittabawassee River watershed, based on the geographic
distribution of the contaminants and the chemical profiles of the
dioxin and furan congeners, is located in Midland, Michigan.

Recommendations:

Based on these conclusions, additional sampling is recommended to more
completely define the horizontal and vertical distribution of dioxins and
furans in the Tittabawassee River and Saginaw River watersheds.
Periodic resampling should be conducted to determine if concentrations
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are changing over time. The existing information should be used along
with other available information to conduct an assessment of the risk to
human health and the environment from the elevated concentrations of
dioxins and furans present in the study area.
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TABLE 9
Part 3

DATA FLAGS

In order to assist with data interpretation, data qualifier flags are used on the final reports.
The most commonly used flags are:

analyte not detected. Value is the detection limit.

analyte has been detected in the laboratory method blank as well as in an associated
field sample.

indicates a concentration based on an analyte to internal standard ratio which exceeds
the range of the calibration curve. Values which are outside the calibration curve are
estimates only.

indicates labeled standards have been interfered with on the GC column by coeluting,
interferent peaks.

indicates a concentration based on an analyte to internal standard ration which is
below the calibration curve. Values outside the calibration curve are estimates only.

indicates that a GC peak is poorly resolved. The concentrations or amounts reported
for such peaks are most likely overestimated.

indicates the presence of QC ion instabilities caused by quantitative interferences.

indicates that the response of a specific PCDD/PCDF isomer has exceeded the normal
dynamic range of the mass spectrometer detection system. The corresponding signal
is saturated and the reported analyte concentration is a 'minimum estimate'.

Results for saturated analytes are reported as greater than the upper calibration limit.

indicates that a specific isomer cannot be resolved from a large, coleluting interferent
GC peak. The specific isomer is reported as not detected as a valid concentration
cannot be determined. The calculated detection limit, therefore, should be
considered an underestimated value.

indicates that, although the percent recovery of a labeled standard may be below a
specific QC limit, the signal-to-noise ratio of the peak is greater than ten-to-one.
The standard is considered reliably quantifiable. All quantitations derived from the
standard are considered valid as well.

indicates that a polychlorodibenzofuran (PCDF) peak has eluted at the same time
as the associated diphenyl ether (DPE) and that the DPE peak intensity is at least
ten percent of the total PCDF peak intensity. Total PCDF values are flagged "X"
if the total DPE contribution to the total PCDF value is greater than ten percent.
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